. Cerebral stroke causes some degree of disability in daily activities in approximately 2 million patients, causing an increase in the number of economically unproductive citizens, which results in a heavy burden on the state 3, 4 . In Brazil, this disease is extremely common. It was computed at first among the afflictions of cerebral origin (cranial traumas excluded), and then, among the general causes of death in the population 5 .
In the 1950s, Eascott, DeBakey, and Cooley were the pioneers in surgical carotid endarterectomy, which, in its initial phase, had some discouraging results. However, with improvement in the surgical technique and in preand postoperative care, the results became more favorable, leading surgical endarterectomy to play a relevant role in the treatment of carotid atherosclerotic disease from the 1970s on 2, 6 . It is estimated that 200 thousand surgical carotid endarterectomies were performed in the USA in 2001 7 .
At the end of the 1970s, Mathias et al 8, 9 introduced carotid balloon catheter angioplasty as a therapeutical alternative to surgery.
In the 1990s, with the endoprostheses, the carotid percutaneous treatment became more consolidated, and the short, medium-, and long-term results became extremely encouraging. It is estimated that 3 thousand carotid percutaneous interventions were performed in the USA in 2001 7, 10 . We studied the in-hospital evolution of patients undergoing carotid endoprosthesis implantation to assess the rate of success of the implantation and of the procedure, the types of endoprostheses used, the mortality rate, and the possible neurological complications, according to the criteria of the National Institutes of Health 11 .
Methods
From August 1996 to April 2001, 86 patients most of whom were males (51.2%), with a mean age of 64.3 years (±22 years), underwent percutaneous implantation of carotid endoprosthesis. These patients were referred for treatment because they had previous neurological symptoms (amaurosis, presyncope, syncope, and others), or significant atherosclerotic disease in other areas (coronary arteries, lower limbs, renal arteries, and others), or a significant carotid stenosis diagnosed on a noninvasive evaluation (Doppler ultrasound, computerized tomography, nuclear magnetic resonance, and others).
The inclusion criteria were as follows: asymptomatic patients with stenotic lesion m 70%, according to quantitative coronary angiography (QCA); patients with a previous history of transient ischemic attack in the last year characterized by episodes of dizziness, syncope, paresis, and temporary paresthesia or amaurosis reported in the side of the angiographic lesion and stenosis m 60%; patients with a history of contralateral ischemic cerebral stroke with stenotic lesion m 60% and patent cerebral arteries.
The exclusion criteria were as follows: patients with marked tortuosity at the origin of the supraaortic branches or aorto-iliac obstruction, not allowing the passage of catheters; patients with stenotic lesions, but with mobile thrombi inside; existence of diffuse stenotic lesions in the intracranial portion of the internal carotid artery or in the cerebral arteries; existence of cerebral aneurysms or intracranial arteriovenous malformations; recent history of digestive, pulmonary, or tumor hemorrhages, which contraindicate therapy with antiplatelet agents.
The following patients were considered as high-risk patients for the procedure: those older than 70 years; those with concomitant coronary artery disease; those with significant neurological antecedents (history of convulsion, stroke); those with contralateral carotid occlusion; those undergoing previous surgical carotid endarterectomy and evolving to restenosis; those with cervical neoplasia operated upon or undergoing radiation therapy, or both (characterizing the so-called "hostile neck").
Successful implantation was defined as a residual lesion < 30% on quantitative digital angiography and absence of important dissections or thrombi, while success of the procedure was characterized by successful implantation in the absence of transient ischemic attack, and of minor and major ischemic stroke according to the definition of the National Institutes of Health.
Transient ischemic attack was defined as any neurological deficit reverted in the first 24 hours after the procedure with no residual neurological damage.
Minor ischemic cerebral stroke was defined as a new neurological event resulting in a mild reduction in neurological functions (speech, motor or sensorial function, or both) with complete reversion in the first 7 days after the procedure or reaching up to 4 points in the cerebral stroke scale of the National Institutes of Health. A new neurological deficit persisting longer than 7 days or reaching 4 or more points in the cerebral stroke scale of the National Institutes of Health was classified as major ischemic cerebral stroke.
The patients were premedicated (24 hours) with ticlopidine (500 mg) and acetylsalicylic acid (200 mg), and, after endoprosthesis implantation, they continued to take this association of antiplatelet agents for 30 days, when ticlopidine was suspended and acetylsalicylic acid was maintained indefinitely.
Prior to hospital discharge, all patients were assessed by at least 2 neurologists from the Hospital do Coração and Instituto Dante Pazzanese.
The hemodynamics laboratory was equipped with a chest X-ray device with a 3,000-milliampere generator, 50 to 150 kilovolt peak, high-definition image intensifier (1,024-line monitor), and a digital converter for electronic image processing. The images were documented in the digital system with a laser compact disc (CD) or in the analog system in a cinephotographic 35-mm film.
The patient's blood pressure (invasive), oxygen saturation (pulse oximeter), and heart rate (electrocardiogram) were continuously monitored.
After antisepsis, local anesthesia was performed with subcutaneous injection of 20 mL of a 2% lidocaine solution in the right and left inguinal regions. Then, using Seldinger's technique, the right femoral artery and then the left femoral artery were punctured and maintained with 8 and 6 French (F) introducers with valves, respectively. A temporary electrode of a cardiac endocavitary pacemaker was placed in the right ventricle, to which a temporary VVI-mode pacemaker generator with a heart rate of 50 bpm was connected.
The primitive carotid artery was catheterized via the punctured common femoral artery and an 8/9F guide catheter or a 7F long introducer with valves was placed. With injection of a low-osmolarity iodinated contrast agent, a carotid angiography in 2 views (right and left anterior oblique) was obtained. The following parameters were measured with quantitative angiography (SMS): the reference diameter of the vessel, the extension of the lesion, and the minimum luminal diameter prior to the procedure.
Anticoagulation was performed with the intravenous injection of 10,000 units of unfractioned heparin immediately before the use of the 0.014" guidewire.
After the 0.014" guidewire was passed through the lesion, the balloon catheter (4x20 mm) was positioned for predilation, which was performed with the aid of a manometer and lasted 10 seconds at the most. Then a new carotid angiography was performed to confirm the absence of complications in the vessel.
Then, the balloon catheter was withdrawn and the guidewire was maintained. The endoprosthesis was then positioned and deployed. In the cases in which "waisting" of the endoprosthesis persisted (residual lesion > 30%), a new dilation was performed with a low-profile (3.5 to 4 F) balloon catheter of 5 or 6x20 mm.
Control carotid angiography and a shoot of the cerebral circulation were performed. In the absence of thrombi or dissections and confirmation of residual lesion < 30%, the procedure was finished.
The patients were referred to the semi-intensive care unit with cardiac monitoring and maintained on intravenous hydration with saline solution at a velocity of 50 to 70 mL/h for 8 to 12 hours. The patients were allowed to eat 4 hours after their arrival at the unit. The introducers and the cardiac pacemaker electrode were removed 4 to 6 hours after the end of the procedure. Hemostasia was performed with local manual compression for approximately 20 minutes, which was complemented with a compressive dressing and immobilization of the lower limb for approximately 8 hours. In case of an uneventful evolution, the patients were transferred to a room after 24 hours, being discharged from the hospital on the following day.
Results
Ninety-four carotid lesions in 86 patients were treated. Implantation was successful in 98.9% of the cases, and the procedure was successful in 91.8% of the cases.
Prior to the procedure, the most common symptom was transient ischemic attack present in 72.9% of the patients, followed by transitory amaurosis in 10.8% (tab. I).
Most of the 94 endoprostheses implanted were of the metallic self-expanding type, the Wallstent, used 73 (77.6%) times. In order of frequency, the other endoprostheses used were as follows: the Smart (self-expanding), the Palmaz (expandable balloon), the Symphony (self-expanding), the Memotherm (self-expanding), and the Herculink (expandable balloon) ( fig. 1) .
The 7 cases of in-hospital neurological complications were as follows: 3 (3.2%) transient ischemic attacks, 1 (1.1%) minor ischemic cerebral stroke, and 3 (3.2%) major ischemic cerebral strokes. These complications occurred when the patients were still in the hemodynamic laboratory and may have been related to microembolism. One patient died at the hospital (14 th day). The combined rate of minor and major ischemic cerebral strokes was 4.2% (tab. II).
When analyzing the presence of neurological complications according to the presence of symptoms prior to the procedure, we observed that the asymptomatic patients neither had any type of cerebral stroke nor died, while the symptomatic patients had a mortality rate of 1.1% and an incidence of major ischemic cerebral stroke of 3.2% ( fig. 2) .
Pictures 1, 2, and 3 depict the procedure of percutaneous implantation of carotid endoprosthesis in a patient in our series.
Only 1 patient had a complication at the site of access (right and left inguinal regions); it was a hematoma of 6 cm in diameter in the right inguinal region, which resolved spontaneously.
Three patients evolved with total atrioventricular block, the cardiac rhythm being dictated by the temporary pacemaker with recovery of sinus rhythm in the first 24 hours in all cases.
Discussion
It is believed that an asymptomatic patient with a carotid obstruction m 80% has a 6% annual risk of having an ischemic cerebral stroke, while a symptomatic patient has a 10% risk in the first year and a 40% risk by the end of 5 years 12 . Surgical carotid endarterectomy should have a rate of cerebral stroke/death < 6% in symptomatic patients and 3% in asymptomatic patients 13 . The rate of ischemic cerebral stroke after surgical carotid endarterectomy has ranged from 1.5% to 9%, depending on the case series analyzed 14, 15 . In the European carotid surgery trial (ECST), the rate of ischemic cerebral stroke/death with this type of surgery was 7.5% 15 . The North-American Symptomatic Carotid Endarterectomy Trial (NASCET), 19 , who analyzed 2,569 patients undergoing carotid endoprosthesis implantation, reported a 30-day mortality of 1.2%, a combined rate of cerebral stroke/death of 4.3%, and an incidence of restenosis at 180 days of 4.8%.
The use of cerebral protection in percutaneous carotid intervention aiming at reducing the microembolic phenomena has been proposed by some groups. Currently, several systems provide cerebral protection. In 1990, Theron et al 20 were the pioneers in the use of cerebral protection with the introduction of a system of distal carotid occlusion with a balloon mounted on a tri-coaxial catheter, therefore, reducing the distal embolization of microfragments of the atherosclerotic plaque. Although effective in reducing embolic phenomena, this method causes a temporary interruption in cerebral blood flow, which is not always well tolerated by patients (especially in the presence of contralateral carotid occlusion or anomalies in the circle of Willis). The good results initially reported by Theron et al could not be universally reproduced, and several cases of cerebral ischemia resulting from the use of this system were reported 19, 21 . In addition, operational technical difficulties made it less and less used.
In 1996, Kachel 22 who used a 9F balloon reported a reverse blood flow system through the external carotid artery based on occlusion of the common carotid artery close to its bifurcation. Despite being simple and of easy applicability, later studies showed that this system was neither safe . In 1999, carotid filters appeared and provided the following advantages: effectiveness in preventing microembolization (fragments of up to 100 micrometers), no interruption of the cerebral blood flow during its use, and easy manipulation 24 . Among the deficiencies of the device, we can cite the following: the filters are rigid, making their passage into more significant stenoses difficult; the difficulty in adjusting the size of the filters to the carotid diameter in each patient; and, mainly, their still extremely elevated costs to allow their inclusion in our current practice 25 . It is worth noting that at the time these data were gathered, these devices were not available for use at the hospitals where these patients were treated, and that, up to March 2001, no model had been approved for use in clinical practice by the agencies that regulate medical practice in the USA (Federal Drug Association -FDA) and in Brazil (Ministry of Health).
The most appropriate patients for carotid percutaneous interventions are as follows: those with isolated caPicture 3 -After 18 months, the patient underwent a new carotid angiographic study, which showed maintenance of the immediate result with residual lesion < 10%. After the end of the process of endothelialization of the prosthesis, patency of the left external carotid artery was observed. A 50% stenosis in the left external carotid artery ostium was noted on quantitative angiography, but this finding did not result in clinical manifestations.
rotid disease and severe flow obstruction close to the angle of mandible, inaccessible to surgery; those with radical dissection of the neck followed by radiation therapy (the cases of cervical neoplasias, for example); those with restenosis after carotid endarterectomy; and those with fibromuscular dysplasia 12, 21 . In our group of patients, the 98.9% rate of success revealed the efficiency of the percutaneous treatment, and, if the patients are analyzed according to the presence or absence of symptoms, the combined rate of (major/minor) ischemic cerebral stroke was 5.4% for symptomatic patients and 0% for asymptomatic patients. In the group of asymptomatic patients, the estimated rate of complication was considerably low and inferior to that defined for carotid endarterectomy according to the American Heart Association 12 . These data become more relevant when we consider that of the 86 patients analyzed in this study, 43 (50%) were in the subgroup classified as high risk for interventions, because they were old, had contralateral carotid occlusion (5.8%), had already had a previous cerebral stroke (5.8%), had already been revascularized (4.6%), or because they had the so-called "hostile neck", ie, they had had cervical neoplasia or had undergone previous radiation therapy in the cervical region, or both (3.5%).
Currently, the Stent versus Carotid Endarterectomy (CREST) study is being carried out by the National Institutes of Health under the leadership of Dr. Hobson. In this study, 2,500 patients will be randomized. The results of the CREST study will define whether one technique is superior to the other.
Carotid stent implantation already plays a significant role in the treatment of carotid atherosclerotic disease. It is undeniable that the 98.8% rate of success and the 4.2% rate of cerebral stroke/death in our study show the efficiency and safety of this type of procedure. We also know that the improvement in the materials used (introducers, catheters, guidewires, endoprostheses, etc.) and the appearance of new devices have significantly contributed to improve the results of percutaneous implantation of carotid endoprosthesis.
In some studies, the devices used for cerebral protection have had the ability to reduce the indices of neurological complications 26 . This has increased interest in the scientific community, generating more clinical trials that will shortly define the actual role played by these devices in carotid endoprosthesis implantation.
